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DOWNSTREAM OF WIRE-MESH NOZZLES IN A CONSTANT-AREA DUCT

By Tawrence I. Gould

SUMMARY

An Investigation was conducted in a 3.4- by 3.4-inch duct to
determine scme characteristics of the supersonic flow downsbtream of
four wire-mesh screen nozzles with nominal design Mach numbers in the
range between 1.97 and 2.58. TVisual dats, transverse Mach number and
static-pressure distributions at several axial stations, the total-
Pressure loss across the screeng, and axial static-pressure gradlents
were used to evalugte the flow.

Two types of disturbance were observed in the flow fleld: a fine
network of interacting expansion and compression waves which formed
Immed lately downstream of the screens and appeared to dissipate
within 25 to 40 wave intersectlons; and relatively strong oblique shock
waves that origlnated at the Junctions of the screens and the walls and
were reflected throughout the length of the duct. The distance required
for the network of waves to dissipate appeared to decrease with
Increasing denslty of the interactlions. Reglons of falrly uniform flow
exlgted heyond the network in central reglons of the shock diamonds.

The total-pressure loss across the screens (from 22 percent atb
Mach number 1.58 to 43 percent at Mach number 2.08) recorded at axilal
statlons where the flow was consldered most uniform was very large com-
pared with the loss across conventlonal two-dimensional nozzles. The
corresponding Mach numbers (approximatbely 80 percent of nominal values
predicted by one-dimensional isentropic theory over range investigated)
reflected, In part, these losses.

INTRODUCTION

Among the different nozzle conflgurations considered for obtaining
supersonic flow in & wind tunnel, the multinozzle has attracted interest
because of its short length. Investigablon of a conical multinozzle
congisting of a metal plate with convergent-divergent holes
(reference 1) indicate the possibillity of obtaining uniform flow at

UNCLASSIFIEL.



2 : NACA RM ES1F25

some distance downstream of such a unlt, bubt at the expense of a high
loss 1n total pressure. Tests wlth two~dlmensional grating nozzles, also
reported in reference 1, reveal severe wake effects resulting from
vortices shed from the tralling edges of the grates, though the pressure
losses were apprsclably lower than those across the perforated plate.

Upon the suggestion of Dr. John Evvard of the NACA Lewls laboratory,
a preliminary investlgation was conducted wlth nozzles made of wire mesh
to determine the feaslibhllity of using such slmple units to establish
supergonlc flow. Although appreclsble pressure losses might be expected
across this extreme case of the multinozzle, 1t was reasoned that the
wake effecte would dlsslpate a short distance downstream of the screen
and thus leave reglons sultable for some types of lnvestigation. Such
nozzles might provide a means of varying the turbulence level in a
supersgonic stream. Accordingly, four wire-mesh screens with design Mach
numbers In the range between 1.97 and 2.58 were Investigated. The .
flow £leld was determined with the aid of schileren photogrephs, trans-
verse Mach number and statlc-pressure distributlons at several stbatlons
downatream of the screens, snd the axial static-pressure gradienta. The
loas in total pregsure across each screen was determined at the axial
location where the flow was considered most uniform. Two of the screens
had the same design Mach mumber (2.18), but with different meshes and
wire diameters so that the effect of changlng the number of holes and
the wire size at one Mach number could be ascertained.

SYMBOLS

The followlng symbols are used in this report:

a wire dlemeter, (in.)
m mesh (holes/in.)

M Mach mmber

P gtatlc pressure

total preasure

Subscripts:

0 condltions upstream of screen
1 fres-gtresm conditions in plans of probe traverse
a nominal design

w wall

2227
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APPARATUS

The investigation was conducted in the 3.4- by 3.4-Inch constant-
ares duct 1llustrated in figures 1 and 2. Four different sizes of
stainless-steel mesh were investigated. Principal design parameters
are listed in the following table:

Mesh, m | Wire dismeter | Mesh-wire Free-area Nominal
(holes/in.) d, (in.) dlameter ratio design Mach
product, mi number, My
20 0.011 0.220 0.806™ 1.97
18 .018 .288 .506 2.18
9 .032 .288 .5086 2.18
15 .028 420 .350 2.58

The free-ares ratlo 1s the rabtlo of open area to total area of a plece
of wire mesh. Because of the complex shape of the holes in each screen,
a rigorous theoretical predlction of the flow downstresm of the screen
was not attempted and the nomlnsl design Mach number was determined
directly from the free-area ratio assuming one-dimensionsl isenbropic
flow. :

Each nozzle, except for the one designed for Mach number 2.58, was
fixed wlth solder 1In a recess 1h g screen holder go that the exposed
area equaled the duct area. No other sttention was given to the Joint
between the screen end the walls of the duct. The exposed section of
the Mach number 2.58 screen was 3.2 inches square wlth the sides set
in 0.1 inch from the walls of the duct.

The statlc and total pressures In the duct along a transverse
center line at several axlal statlons were determined with the probes
11lustrated in figure 2. In addition, small orifices were spaced along
the center line of one duct wall to measure the axlal statlc-pressure
gradient. A pltot tube was utlllized to measure the total pressure
upstream of the screen. Schlleren photographs were obtalned with a
movable schlleren system which permltted observatlon of the flow over
mogst of the duct length.

The dew point upstream of the nozzle wes malntalined &t oP ilOO F
and the alr total tempersture generally at 150° +20° F, although some
tests were conducted abt temperatures as low as 90° F vwhen the tempera-
ture effect upon the flow was found to be negligible. The total
pressure upstream of the nozzle was approximstely atmogpheric. Fres-
sures were recorded on & mercury mesncmeter board and were read to the
nearest 0.05 inch.
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DISCUSSION OF RESULTS
Schlleren Photographs

The schlleren photographs of the flow downstream of the screens
(fig. 3) were taken with the knife edge positioned for maximm sensi-
tivity. Two types of disturbance were observed: The interacting
expanslon and compresslon waves originating at the screens, called mesh
disturbances, and strong oblique shock waves that originated at the
Junctions of the Bcreens with the duct walle,referred to as corner

In general, the mesh dlsturbances dissipated within 25 to 40 wave
Intersections. The actual dlstance appeared to decreasse wlth increas-
ing density of the interactions (a functlon of mesh size and ndminal
deslgn Mach number). Thus the lowest nominal design Mach number screen,
which also had the finest mesh, had the shortest dissipatlon distance.
Also, of the two nornzles with a deslgn Mach number of 2.18, the one
wilth the filner mesh appeared to reguire a shorter distance for disasi-
pation of the mesh disturbances. The corner shocks presumsbly resulted
becauge no particular attentlon was glven to the orlentation of the
individual wire strands relative to the walls comblined wilth the presence
of Inltial boundary layer. Although no attempt was made to lmprove the
nozzle gecmetry at the duct walls, the periphery of the highest design
Mach number screen was set 1n 0.1 inch from the walls 1n an effort to
Tan out the corner shocks and thus speed thelr dlssipation. The only
glgnificant effect of this modificatlon was to increase the stream Mach
number as a result of the Increased expansion. Increasing frequency of
Interaction of the cormer shocks wilth distance downstream 1s indicative
of the negatlve axial Mach number gradient present in the duct.

Mach Number and Statlc-Pressure Distribublons

The wvariations of Mach number and statlc pressure slong a trans-
verge center line at. geveral axlal stations are presented in flgures 4

end. 5 for the four scieens. The gtablong were chosen go that the flow _

could be inveatigated at different positlons in the corner shock
pattern. Each dashed line indicates the dlstance from the wall to the
nearegt corner shock as observed in figure 3.

Mach gumber distributions indicated the same general flow pattern
to exist downstream of each nozzle (fig. 4(a) to 4(d)). Falrly uniform
flow (on the arder of +0.05) exlsted downstresm of the mesh disturbances
in central region of the shock dlamonds. Data were not recorded with
the lowest Mach number nozzle at 11.50 inches and wlth the 18-mesh
nozzle designed for Mach number 2.18 at 14.88_inches because the duct
choked near the plane of measurement when the probe was present. The
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magnitude of the drop in Mach number across the reflected corner shocks
at 6.44 inches downstream of the Mach number 1.97 nozzle, where the plane
of measurement was about 0.5 inch downstream of the Intersection of the
shocks, may be indicative of a shock-focusing effect similar to that
observed with axlally symmetric nozzles.

The Mach number proflles for the two screens wilth the sams design
Mach number are generally the same downstream of the mesh disturbances.
The dissimilarity between the profiles at 6.44 Inches probsably resulted
because the llne of pressure survey was almost colncident with the inter-
sectlon of the cormer shocks reflsected from the wilndows. (If the inter-
sectlion of these cormer shocks at this station was not perpendicular to
the duct walls, an asymmetrical Mach number profile would have been
expected.)

Because lnclined flow and shock waves are known to affect pressures
recorded with the type of statlc probe used in this investigation, the
accuracy of the statlc pressures (and therefors the calculated Mach
numbers) in the vicinity of the corner shocks and the mesh disturbances
is questionable. The tramsverse static-pressure distributlons shown in
figures 5(a) to 5(d) generally reflect the corner shock locations.

The axlal statlc-pressure gradlents along the center llne of one
wall are glven In flgure 6. The Intersections of the corner shocks and
the mesh dlsturbances wlth the wall account for the noticegble scabter.
The increage 1n slope corresponding to an Increased rate of boundary-
layer growth beglnning at 18 lnches from the Mach number 2.58 screen may
be attributable to a feedback through the boundary layer of the high
pressure that existed at the end of the duct dus to amission of a sub-
sonic diffuser (ses fig. 2).

The varlation wlth mesh-wire diameter product of the mean total
pressure ratlo across the screens abt the axlal stations where the flow
was considered most uniform (shown in filg. 7) indicates that the pres-
sure loss across supersonic nozzles of the type investigated herein 1s
very high (from 22 percent at Mach number 1.58 to 43 percent at Mach
number 2.08) compared with the small losses across conventional bwo-
dimensional nozzles. The corresponding experimental varistion Iln Mach
number shown in figure 7 (epproximately 20 percent lower than the nomi-
nal design Mach number over the range investigated) reflects , in part,
these pressure losses.

SUMMARY OF RESULTS

In an investlgation of the supersonlc flow fleld downstream of
wire-mesh nozzles, the following results were obtained:
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1. Two types of disturbance were observed in the flow field: a
fine network of interacting expansion end compression waves whlich formed
immedlately downstream of the screens and appeared to disslipate within
25 to 40 wave intersectlons; and relatively strong oblique shock weaves
that originated at the Junctlons of the screens and the walls and were
reflected throughout the length of the duct. The dlstance required for
the network of waves to dissipate a.ppeared. to d.eorea.se with increassing
dengity of the lnmteractions.

2. Reglons of falrly wniform flow were present downstream of the
mesh disturbances 1ln central reglons of the shock dlamonds.

3. The total-pressure loss across the screens (from 22 percent at
Mach number 1.58 to 43 percent at Mach number 2.08) recorded at axial
statlions where the flow waa considered most uniform was very high
compared wilth the loss across conventlonal two-dimenslonal nozzles.

The corresponding Mach numbers (epproximaetely 80 percent of the nominal
values predicted by one-dimensional isentropic theory over the range
investigated) reflected, in part, these pressure losses.

Lewis Flight Propulsion Laboretory,
National Alvieory Committee for Asronautics,
Cleveland, Ohlo, April 15, 1951.
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Figure 1, -~ Wire~mesh nozzle installatlion with pitot-static 1xrobe.
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Figure 6. - Variation of well static pressure with axial distance from screen.
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Flgure 7. - Variation of total-pressure ratlo across screen and average free-
stream Mach number wilth mesh-wire dlameter product.
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